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• The research is the outcome of an 
EPSRC funded PhD with BAE Systems 
(Land) UK. 
• To investigate whether existing design 
and production practices (specifically 
modular designs) are transferable to 
high variety, servitized contexts.
Project Background
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• Modularity is a method for managing complex products, 
processes and services efficiently (Baldwin & Clark, 1997) 
and refers to the degree to which a system’s components 
can be separated and recombined with ease (Schilling, 
2000). 
• Benefits of modularity include greater flexibility in both 
design and production for the mass customisation of 
products and services (Sanche & Mahoney, 1996; Duray
et al, 2000; Magnusson & Pasche, 2014).
• Modularity is seen as an effective strategy for responding 
to heterogenous customer requirements without 
sacrificing economies of scale and increasing system 
complexity (Salvador et al, 2002; Langlois & Robertson, 
2002; Campagnolo & Camuffo, 2010). 
• We have seen the benefits in multiple industries
Research Background – Modularity
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• Planning such flexibility is costly up front but may save costs should demand for the planned 
augmentation emerge in the long term (Gil, 2007; Wouters et al, 2011).
• Organisations have to make a decision early in the NPD as to the degree of flexibility they want 
to design into their architecture (Engel et al, 2016).
• Wouters et al (2011) identifying four architectural strategies for planning the intended flexibility 
of the product architecture; include all, exclude, prepare, do nothing. 
An important note is that this is on the assumption no rework is required of the product 
architecture at a later date (Verganti, 1997) because the window for re-design is significantly 
reduced once the design has past to the production team (Henfridsson et al, 2014).
Research Background – Modularity, things to note
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The General Modular Systems Theory
Heterogeneity of 
Inputs
Heterogeneity of 
Demands
Urgency
Synergistic Specificity
Increasingly modular 
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• These studies have almost exclusively been set in contexts that draw a boundary between the producer and 
the customer at the point of exchange (Kimbell, 2010; 2011). 
• In part a reflection of the payment mechanism (transfer of ownership), the boundary also allowed 
organisations to separate design and context (i.e., where the product is used) such that:
1) The purpose of the design could be fixed (Simon, 1996; Garud et al, 2008); and
2) Customer requirements could be frozen in the form of a stable specification of required functionality and 
performance attributes during the design cycle (Henfridsson et al, 2014). 
• This allowed organisations pursuing a modular strategy to:
1) Gain flexibility in design (Ulrich, 1995; MacCormack et al, 2001; Buganza & Verganti, 2006);
2) Achieve economies of scale during production (Salvador, 2007);
3) Leverage external organisations manufacturing capabilities within the supply chain (Mikkola, 2003).
Research Background – Modularity, some questions!
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This separation of design and context means many of the theoretical and practical insights developed for 
modular design and production adopt a stable process that requires structural and functional requirements to be 
specified during the design cycle and frozen prior to their transfer to the production department (Henfridsson et 
al, 2014).
‘We do not need the consumer to be present at all so long as he leaves us a snapshot of his preferences’ 
Langlois and Cosgel (1998:107).
Research Background – Modularity
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• Green et al.’s (2017) thematic analysis found the main focus of 
servitization research has been the intangible service components and 
their design. 
• Focussing only on the intangible service elements appears counter 
intuitive given:
1) Servitization is often described as product-centric (Baines et al, 2009); 
2) The product is best placed to absorb contextual variety given it resides 
within the customers’ context of use (Smith et al, 2014). 
• We argue that there are two main reasons for this: 
1) Research has historically assumed product use is stable and 
predictable in advance of production; 
2) We inherited a normative view that the product is a relatively fixed 
object (Kimbell, 2011), with little consideration given to product 
adaptation in use and in context where requirements may emerge 
beyond the original design (Ng, 2013). 
Research Background - Product Centric Servitization
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• Modularity was seen as a strategy to overcome some of these challenges at the product level. 
However, there are some challenges:
1) In servitized environments separating design and context is difficult as they become 
intimately entangled due to a shift from value-in-exchange to value-in-use embedded in 
contracts (Smith et al, 2014; Green et al, 2017). 
2) The transition from product to service introduces heterogenous customer requirements that 
emerge in the product use phase that introduce variability into the system (Zou et al, 2018).
3) The greater variability in customer requirements during the use of the physical product, often 
referred to as contextual variety, creates greater uncertainty in the design and delivery of 
servitized offerings (Ng & Briscoe, 2012; Batista et al, 2017).
Challenges for Modularity in Servitized Contexts
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• This is a challenge because matching variety created by unknowns achieved through the re-
configuration of the physical asset (variety matching variety) does not align with existing 
manufacturing theory for two reasons. 
1) First, these reconfigurations may take place on an individual customer basis – hard to scale (Ng 
& Briscoe, 2012; Green et al, 2017).
2) Modularity requires the complete functional and structural attributes of modules to be 
specified and frozen in advance of production of the physical asset . 
Given the opportunity for re-design of the modular architecture 
was significantly reduced when the design was transferred from 
design to production (Henfridsson et al, 2014), integrating 
unknowns (emergent requirements) may be difficult.
Challenges for Modularity in Servitized Contexts
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Challenges for Modularity in Servitized Contexts
Design Production Use
Low Variety High Variety
Does general modular systems theory apply in high variety servitized
contexts?
Based on Green et al (2017)
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• A single, exploratory case (BAE Systems (Land) 
UK).
• Longitudinal study over the period 2001-2014 
(UK campaigns in Iraq and Afghanistan).
• Three vehicle families and their variants (five 
vehicles in total) architectures were modelled 
over time using design structure matrices 
(DSMs).
• Design changes were a result of ‘urgent 
operational requirements’.
• Architectural models were supplemented with 
document analysis and semi-structured 
interviews. 
Methodology
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Findings
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Figure 2. Growth Gradient Analysis for Vehicle B2.
Figure 1. DSM of Vehicle A1 
before (A) and after (B) design 
changes.
2001 – UK 
combat 
missions 
begin. 
2003 –
Taliban 
Resurgence. 
1 delivered.
2006 – UK 
move to 
Helmand. 
2 UOR 
delivered
2004 –
Increase 
in IEDs 
and 
suicide 
bombings
2014 –
UK 
combat 
missions 
ends
2009 – 6  UORs 
delivered.
2011 – 5 
UORs 
delivered
2013 – 1 
UOR 
delivered
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Findings
“… a new kind of threat that we hadn’t had before…things like, I 
suppose, interchangeability, there may be some relaxation of things like 
that because we say, “Look, we understand that there may be complexities 
further down the stream but this is to get round an immediate problem 
that we have to get round”, so there are all those considerations”.
“usually you get people co-located the best we can or at least if we can’t 
co-locate them every morning, down by the wagon usually, have a line 
side meeting…everyone knows what the key things are for that particular 
day and everyone works together as best they can to do that”.
“Well, we didn't plan that in the design because it wasn't a requirement”.
(discussed in the context of new requirements that were difficult to 
integrate).
“We managed to implement the design changes the customer wanted, but 
the timescales they provided and the legacy fleets we work with meant they 
were not designed as we would like”
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Discussion Updating The General Modular Systems Theory
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• Extending the boundary of responsibility to use brings new challenges; emergence, 
speed (urgency of use), novelty of the design change.
• These factors moderate whether a system will shift toward or away from a modular 
state.
• GMST needs to account for these, suggesting new approaches to design for PSS are 
needed. 
• One further step of analysis to do – mapping novelty of design change against how 
complicated the design change is. 
• Limited by only a single case – future work would benefit from replication across 
multiple cases.
• The DSMs are binary – future work would benefit from investigating the strength of 
relationships that are added as a result of the design changes. 
Conclusions, Limitations and Future Work
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Thank You. 
Questions, comments, areas 
to improve? 
